Chemicals
Manganese (II) nitrate tetrahydrate (Mn(NO 3 ) 2 .4H 2 O, ≥ 97.0), Manganese (II) acetate, copper (II) chloride, potassium permanganate, 1-butanol (anhydrous, 99.8%), and poly (ethylene glycol)-block-Poly(propylene glycol)-block-Poly (ethylene glycol) PEO20-PPO70-PEO20 (Pluronic P123), indole, 6-chloroindole, 2-methylindole, 5-methylindole, 5-methoxyindole, 5-carboxylateindole, N-methylindole, 7-nitroindole, pyrrole, 3,4-dihydroisoquinoline, 1,2,3,4-tetrahydroisoquinoline, 4-methyliodobenzene, 4-methoxyiodobenzene, 4-nitroiodobenzene, ethylene glycol, potassium phosphate (tribasic), isopropanol, toluene, 1,4-dioxane, ethanol, methanol, benzonitrile, Acetonitrile, Tert-butyl hydroperoxide, hydrogen peroxide, sodium borodeuteride, C-Mn 2 O 3 were purchased from Sigma-Aldrich. Concentrated nitric acid (HNO 3 , 68-70 %) was purchased from J. T. Baker. All chemicals were used as received without further purification.
Preparation of meso MnOx
The catalyst was synthesized following the procedure described in the literature. [1] In a typical synthesis 5 g (0.02 mol) of manganese nitrate tetrahydrate (Mn (NO 3 ) 2 ·4H 2 O) and 10 g (0.134 mol) of 1-butanol were added into a 120 mL beaker. To this solution 2g (0.0034 mol) of poly(ethylene glycol)-block-poly(propylene glycol)-block-poly(ethylene glycol) (Pluoronic P123, PEO 20 PPO 70 PEO 20 , molar mass 5750 g mol −1 ) and 2 g ( 0.032 mol) of concentrated nitric acid (HNO 3 ) were added and stirred at room temperature until the solution became clear (light pink). The resulting clear solution was then kept in an oven at 120°C for 3 h. The product was collected and washed with excess ethanol, centrifuged, and dried in a vacuum oven overnight. At the end, the dried black powders were subjected to a heating cycle. First, they were heated at 150°C for 12 h and cooled down to room temperature under ambient conditions. The material was then subjected to a heating cycle. The material was then heated to 250°C for 3 h, 350°C for 2 h, 450°C for 2 h, 550°C for 1 h and 650°C for 1 h, respectively.
Preparation of AMO (Amorphous Manganese Oxide)
The catalyst was synthesized following the procedure described in the literature, [2] by the reduction of KMnO 4 with oxalic acid at room temperature. Potassium permanganate solution (1.58 g, 0.01 mol of KMnO 4 dissolved in 60 mL of distilled deionized water (DDW)) was added dropwise to the oxalic acid solution (2.28 g, 0.025 mol of oxalic acid dissolved in 100 mL of DDW) and kept stirring for 2 h at room temperature. The brown slurry obtained from the reaction was filtered to get the product. It was washed several times with deionized water and dried at 90 °C overnight to obtain the amorphous manganese oxide.
Reaction procedure of 1,2,3,4-tetrahydroisoquiniline to indole coupling
In a typical reaction, N substituted 1,2,3,4-tetrahydroisoquinoline (THIQ) (0.133 g,1.0 mmol), meso Mn 2 O 3 (50 mg) and toluene (0.5 mL) were added successively in a 25 mL round bottom flask equipped with a condenser.
The reaction mixture was heated to reflux under vigorous stirring (700 rpm) for the required time under an air balloon. After reaction, the reaction mixture was cooled and the catalyst was removed by filtration. The product analysis was done using GC-MS (gas chromatography mass spectrometry). The conversion was determined based on the concentration of N substituted 1,2,3,4-tetrahydroisoquinoline. Most reactions were repeated twice and the average values were used. The products were isolated by silica gel column chromatography (5:95 Ethyl acetate/petroleum ether was used as an eluent).
Preparation of N-phenyl-3,4-dihydroisoquinolinium dichlorocuprate
The substrate (1-Deutero-2-phenyl-1,2,3,4-tetrahydroisoquinoline-1-d 1 ) was synthesized following the procedure described in the literature. [3] To a solution of N-phenyl tetrahydroisoquinoline (500 mg, 2.39 mmol) in methanol (20 mL), CuCl 2 ·2H 2 O (814.6 mg, 4.78 mmol) was added at room temperature. After stirring for 1 h, the stirring bar was removed and the methanol solution was layered with pentane. Yellow crystals were obtained after standing overnight at room temperature, which was isolated by filtration and washed with a small amount of methanol.
Preparation of 1-Deutero-2-phenyl-1,2,3,4-tetrahydroisoquinoline-1-d 1 The substrate (1-Deutero-2-phenyl-1,2,3,4-tetrahydroisoquinoline-1-d 1 ) was synthesized following the procedure described in the literature. [3] To a solution of N-Phenyl-3,4-dihydroisoquinolinium dichlorocuprate (473 mg, 1.38 mmol) in methanol (31.4 mL), NaBD 4 (69 mg, 1.66 mmol) was added portion wise at 0°C. After stirring for 10 min at room temperature, the reaction mixture was then quenched with aq. NaHCO 3 , and extracted with CH 2 Cl 2 (3 x 20 mL). The organic fractions were dried over anhydrous MgSO 4 and concentrated under reduced pressure and purified by column chromatography (ethyl actetate/pentane). a XPS was performed on the sample after separating and washing from a reaction. Reaction conditions were same as in Table S1 . Reaction kinetics for both N-substituted (with Phenyl) and unsubstituted 1,2,3,4-tetrahydroisoquinolines were compared. Faster reaction kinetics was observed in case of N-aryltetrahydroisoquinoline. This probably caused, due to the better stability of the charged intermediate B (Scheme 2). 
